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ZOOLOGY 
SUSCEPTIBILITY TO OUABAIN AND 
PHYSIOLOGIC CIRCADIAN PERIODICITY 1 
FRANZ HALBERG AND AUBREY N. STEPHENS 2 
University of Minnesota, Minneapolis 
and Cambridge State School and Hospital, Camb,:idge 
Physiologic changes recurring at intervals of about 24 hours may 
be called circadian rhythms (L. circa - about and L. dies - day) 
(Halberg, 1959). Predictable circadian changes in physiologic state 
can be shown experimentally to make the difference between life and 
death following exposure to noise (Halberg, Bittner, et al. 1955A. 
and 1955B.), endotoxin (Halberg, Spink, et al, 1955), ethanol (Haus 
and Halberg, 1959), or ouabain (Halberg, Haus, and Stephens, 
1959), provided that one controls other sources of variation (i.e., ge-
netics, nutrition, physical environment, sampling, etc. (Halberg, 1959). 
Effects of exogenous agents thus can be shown to depend upon the 
body's daily periodic "hours of diminished resistance" (Halberg, 
1959), the timing of which, in turn, differs from one agent to the 
next (Fig. 1) . In this report, vye present further data on a circadian 
rhythm in the susceptibility of mice to toxic doses of ouabain, a car-
diac drug. 
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FIGURE 1. Differences in timing of high and low susceptibility of mice to 
various agents. 
1 Supported by Elsa U. Pardee Foundation, Dept. of Public Welfare, State of Minnesota, 
and American Heart Association. 
• Present address: Ketchikan Native Hospital, Box 1498, Ketchikan, Alaska. 
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Experiments were carried out under conditions standardized for 
periodicity analysis, previously described (cf. Halberg, 1959). Dur-
ing a standardization-period of at least one week and during study, 
mice were kept at 24±.5° C. in light from 6 a.m. to 6 p.m. and in 
darkness from 6 p.m. to 6 a.m., in individual cages, with food and 
water freely available at all times. The animals were of the inbred 
D8 (Dilute Brown, subline 8) and C (Bagg albino) stocks. In one 
experiment, seven groups of animals, matched by body weight, from 
each stock, were injected at 4-hour intervals, starting at 8 a.m. of one 
day and ending 24 hours later. These mice were 4 to 5 months of age. 
The second experiment consisted of a spot-check involving sep-
arate groups of D8 mice of both sexes, 1 ½ months of age, kept on 
different lighting regimens. 
Injections were done intraperitoneally; .5 or .15 mg of ouabain in 
.2 cc. of saline was given per 20 gm. of body weight to D 8 and C 
mice, respectively. The number of deaths was recorded at 10-minutes 
post-injection (when most deaths occurred) and at several later time 
points. Mortality by one week post-injection is shown with the results. 
Figure 2 shows the data of the experiment involving mice from 
the two inbred stocks, singly caged in the s am e experimental 
room ( ! ) . Mortality from ouabain was on the average higher at 8 a.m. 
than at 8 p.m. The periodic changes in susceptibility to ouabain stand 
out more clearly in the D8 stock than in the C stock. 
Peak susceptibility to ouabain at about 8 a.m. occurs only under 
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FIGURE 2. Susceptibility rhythm to ouabain in mice of two stocks. Twenty 
(=+:1) male mice (about 5 months of age)/time point/stock. Note daily change 
in mortality from 15% to 75% in Da mice by comparison to change from 30% 
to 65% in C mice. Note also greater susceptibility of C mice (given smaller 
dose). 
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many circadian rhythms in the mouse and peaks or troughs, (e.g., in 
susceptibility to poisons), may be pl~ced to any desired clock hour, by 
the appropriate shift in the lighting regimen and by allowing for a suf-
ficient shift time (Halberg, Halberg, et al-.,1959; Halberg, Barnum; 
et al-., 1958). Figure 3a shows that at 17 days after light inversion 
(light from 6 p.m. to 6 a.m.), peak susceptibility to ouabain in D8 mice 
was indeed at 8 p.m. rather than 8 a.m. The difference in mortality 
was significant at the 5 % level in the reversed mice as well as in con-
trols kept in light from 6 a:.m. to 6 p.m., but it had changed sign as 
predicted. 
In addition to the effect of a lighting-regimen shift upon phase of 
susceptibility rhythm, there seemed to be an effect upon the overall 
level of susceptibility as well (Fig. 3b) (cf. Halberg, 1959). 
Manipulation of synchronizer "lighting regimen" .and 
susceptibility rhythm to ouabain in D8 mice 
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FIGURE 3. Shift in phase of susceptibility rhythm to ouabain at 17 days after 
lighting inversion (left) and possible reduction of overall susceptibility in these 
shifted mice (right) at a late (17-day) time point after lighting inversion. 
Figure 1 summarizes a number of other circadian susceptibility 
rhythms of the body, as recorded on a standardized lighting regimen 
but on different stocks of mice. With this qualification, it may be sug-
gested that the times of peak and trough susceptibility to E. coli en-
dotoxin, to audiogenic convulsions and to ouabain, respectively, can 
be out of phase with each other. Thus one discovers what may be 
called the "hours of diminished resistance." The concept of hours of 
diminished resistance might then be counterposed to the time-honored 
pathologic concept of spots of diminished resistance. In terms of ex-
perimental documentation the hours might compare favorably with 
the spots. 
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Information regarding periodic changes in susceptibility is impor-
tant to the bio-assayist who intends to reduce the contribution of 
s0urces of variation. One may achieve this goal by work in defined 
stages of light-dark synchronized rhythm: both intra-assay and inter-
assay variability thus are reduced. Equally interesting seems the feas-
ibility of studying the mechanisms underlying changes in resistance by 
work in defined stages of circadian susceptibility rhythm (Halberg, 
1959.) For instance, increased resistance to E. coli endotoxin cannot 
be attributed to a direct and immediate effect of corticosterone levels 
in blood if, as is the case, the daily peak in corticosterone coincides 
with that in susceptibility to endotoxin. 
The analysis of susceptibility rhythms may eventually also be of 
value in timing the clinical administration of drugs, a possibility which 
depends heavily however, on the question whether a given suscepti-
bility rhythm is associated with rhythmic changes in toxic-therapeu-
tic ratio as well. One can imagine instances in which the time of de-
sired maximal therapeutic effect differs from the time of maximal 
toxicity: For example, one may use for some treatment effect unre-
lated to the bone marrow, a drug which is toxic primarily to the mar-
row. In such cases it would seem useful to search for a time when the 
undesired bone marrow effect is small, while the desired effect is great. 
Since many organs exhibit important differences in timing of their 
circadian rhythms ( see bibliography), the foregoing speculations 
might be warranted and deserve further study. 
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